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(57) Abstract: A procedure and device for controlling the temperature of at least one outbound secondary flow (2u) in a secondary 
circuit from a heat exchanger (1) by means of a primary flow (3) in a primary circuit, via a regulatory member (5, 11) that regulates 
the primary flow, influenced by a control unit (7). The enthalpy difference (Ah) between the inbound primary flow (3i) to the heat 
exchanger (1) and the outbound primary flow (3u) from the heat exchanger (1) is determined. The secondary flow (2i) is determined. 
The flow (3i) in the primary circuit (3) is determined, and the parameters determined above are supplied to the control unit (7) for 
controlling the regulatory organ (5, 11), whereby the primary flow (3) is controlled in dependence of the secondary flow (2), so that 
the power supplied to the heat exchanger through the primary flow (3) substantially equals the sum of, partly, the power needed 
to raise the temperature of the secondary medium from the current initial temperature T^m t0 th e desired outbound temperature 
T «e-ouus«ired, and, partly, the assumed power requirement for compensating for the energy stored in the heat exchanger (1), and, 
partly, the assumed leak power from the heat exchanger (1). The invention also relates to a method for measuring power and heat 
quantity yielded by the primary medium. 
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A METHOD AND ARRANGEMENT FOR CONTROLLING THE 
TEMPERATURE OF THE OUT STREAM FLOW FROM A HEAT 
EXCHANGER AND MEASURING PRODUCED HEAT 

5 The present invention relates to a method and a device for controlling the 

temperature of at least one outbound secondary flow in a secondary circuit from a heat 
exchanger through a primary flow in a primary circuit, via a control member which can 
be affected by a control unit, which member regulates the primary flow. The invention 
also relates to a method for measuring yielded power and heat quantity. 

10 

BACKGROUND OF THE INVENTION AND THE PROBLEM 

During delivery of hot tap water in district heating station, a primary flow of 
centrally heated water, which is conducted into a heat exchanger, where a secondary 
flow of hot tap water is heated to a constant consuming temperature in the heat 
15 exchanger. Control of the constant consuming temperature on the secondary side have 
been obtained in the district heating station, either through automatic mechanical, or 
through electronic control devices, which control the temperature on the basis of 
correction of the difference between desired and actual outbound temperature on the 
secondary side through feedback temperature measurement from the secondary side. 
Whenever electronic control devices are used, PI or PID regulators are commonly used, 
which control the flow on the primary side by, depending on the present outbound 
temperature on the secondary side, closing or opening a valve on the primary side. Thus, 
the heating effect on the primary side is regulated, so that the desired outbound 
temperature on the hot tap water is obtained. 

Both the mechanical and the electronic systems exhibit drawbacks, since the 
control is not as fast as would be desired, whereby there may be a delay before the 
correct outbound temperature is reached on the secondary side. This entails a lag before 
the correct temperature is obtained at the tap location of the secondary circuit, and, in 
the worst case, a risk of scalding. 

Another drawback is that an oscillation in the control easily arises, since it is, in 
practise, impossibly to optimise the regulating equipment with respect to all occurring 
operating conditions. The conducting temperature and difference pressure of the district 
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heating system, i.e., the primary side, varies during the year and along the path of the 
district heating line. 

The pressure fluctuations in the district heating system are partly dependent on 
the present distance from the heat source, partly on the relative position of the district- 
5 heating central in the system. The statically programmed characteristics of the regulators 
cannot be optimised with respect to all occurring operation scenarios, which entails, 
among other things, oscillations of the outbound temperature during certain operating 
conditions. The temperature oscillations entail e.g. the following potential drawbacks. 

Poor comfort at tap locations with a small smoothening effect from the line 
1 0 system, which I particularly noticeable in single household residential property. 

Increased calcification of heat exchangers when temperatures above 60° C are 
reached. Increased wear of regulating members. 

Impaired cooling of the district heating system, which may entail large 
production costs. 

15 A system is previously known from US 5,363,905, where a feedback temperature 

from the secondary side is used to affect the regulatory valve on the primary side. This 
type of solution corrects different pressures on the primary side, but it does not provide 
the desired rapid correction of the temperature during fluctuations in the flow of hot tap 
water on the secondary side. In this case, measuring of the pressure drop over a 

20 constriction in the primary circuit is used, as well as pressure measurement on the 
primary side, but also measurement of the temperature before and after the heat 
exchanger on the primary side. This system becomes relatively expensive, since two 
pressure gauges are needed on the primary side, and can not readily provide rapid 
regulation of the temperature on the secondary side upon sudden changes of the tap flow 

25 on the secondary side. The regulatory measures will not come into action until the 

temperature actually drops on the secondary side, and the typical oscillations of the hot 
tap water temperature are obtained. 

BP 0,526,884 discloses a regulatory technique from thermo printers, in which the 
write head is controlled to a constant temperature, primarily by regulating the electric 

30 energy delivered to the print head, and secondarily by an adjustably compensating 
coolant flow. The temperature of the thermal head is measured by a first temperature 
sensor, and the temperature of the removed coolant fluid is measured by a second 



WO 02/090832 



PCT/SE01/00952 



3 

temperature sensor. The system calculates the removed heating capacity in the coolant 
flow by measuring and regulating the coolant flow, and measures the temperature of the 
inbound, as well as the outbound (heated), coolant flow. 

Through WO 96/17210, a control system for a district heating plant is 
5 previously known, in which is comprised temperature measurements, and measurement 
of the flow on the primary side, with the purpose to provide the desired control, and to 
calculate the consumed power to be billed to the customer. Also in this case, flow 
measurement was not used on the secondary side, meaning that the system likely is 
subjected to oscillations in the temperature of the outbound water on the secondary 
10 side. 

DE U 1 296,17,756 discloses a system, in which a shunting control is carried out 
on the primary side, with a feedback, on the primary side, of outbound flow from the 
heat exchanger, back to the inbound flow of the heat exchanger. Here, the assumption is 
made that, if the temperature of the outbound flow on the primary side from the heat 

1 5 exchanger is kept constant, a constant temperature of the hot tap water on the secondary 
side will be obtained. This assumption unconditionally entails that oscillations of the 
temperature on the secondary side are obtained, since the surfaces of the heat exchanger 
first must be cooled by the hot tap water. Further, the system does not respond rapidly to 
, abrupt increases in the flow of hot tap water, since the regulation is not effected until the 

20 temperature on the primary side has dropped. 

The prior art has not recognised the need to take rapid action when the heat 
consumption on the secondary side abruptly changes, i.e., when the flow is altered 
incrementally. This means that the control systems often end up in oscillating 
conditions, as far as the temperature on the secondary side is concerned. In spite of the 

25 multitude of separate solutions to the partial problems, no system has exhibited 

characteristics, simultaneously allowing a stabile function regardless to the location in 
the district heating system. Most systems in which the temperature is to be carefully 
controlled on the secondary side have comprised regulatory loops with feedback 
information concerning the current temperature value, whereby countermeasures are 

30 taken against the deviation of the measured value of the outbound temperature from the 
desired value of the same. Thus, this system is based on action in dependence on the 
error in the resulting outbound temperature. Such a system must wait until an error can 
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be detected before countermeasures can be taken, which entails a delay of the time point 
when the actual desired heat consumption is altered. 

THE PURPOSE OF THE INVENTION 
5 The purpose of the invention is to obtain a rapid and stable controlling 

equipment in heat exchanging systems, where large variations may occur on the primary 
side as far as inbound temperatures and differential pressure are concerned, where an 
improved consistency of the hot tap water temperature on the consumer side is achieved 
without the necessity for feedback of the actual temperature value from the secondary 
1 0 side, for actually keeping the temperature constant. 

These tasks have been solved through the characteristics indicated in the 
accompanying claims. 

Through the invention, the risk for oscillations in the temperature is eliminated 
on the secondary side, which in a district heating plant corresponds to a hot tap water 
1 5 circuit. Often, a district heating plant also has heat exchange circuits for radiator and 
ventilation systems, for which the invention is well adapted For this type of systems, 
the dynamics of load changes are often slower. 

The invention provides improved load adaptability, independent of consumer 
size. Also, the risk for calcification in heat exchangers is reduced significantly, since 
20 faster control systems with higher precision can counter temperature peaks above 60° C. 

Consistency of the hot tap water temperature on the consumer side is based upon 
determination of the needed heating power needed to increase (alternatively, in a 
cooling application, to reduce) the temperature of the secondary flow to a desired value. 
The invention is not based upon a dynamic correction of the error between the desired 
25 and the actual temperature of the outbound secondary medium, which entails that the 
control may be executed without feedback of the actual temperature value from the 
secondary side. 

In most district heating systems, the invention also entails that the control system 
may be installed without adjustment of regulatory parameters, which strongly reduces 
30 the time required for installation and service / fine tuning. 

In a further embodiment, the procedure and the device are suitable also to be able 
to deal with changes on the secondary side, concerning temperature fluctuations of the 
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inbound water to be heated in the heat exchanger. This embodiment is applied when the 
temperature of the inbound cold water fluctuates. (In the normal case, the water is 
assumed to have a largely constant temperature.) Through this embodiment, the same 
system may be applied in a greater geographical region, and for another region 

5 corrections, mainly for possible temperature fluctuations of the inbound fresh water, 
may take place through simple modifications. 

The invention may also be utilised for measuring transmitted power and heat 
quantity, e.g. for billing purposes or follow-up of energy expenditure, and it is also 
applicable in cooling applications, whereby only the direction of the heat transport is 

0 changed. 

DESCRIPTION OF THE DRAWINGS. 

Below, the invention will be further described, in the form of a number of 
embodiments, with reference to the accompanying drawings. 

Fig. 1 a, schematically shows a connection diagram of the system of the 
invention. 

Fig. 1 b - d, shows examples of variations of embodiments of the system of 

Fig. 1. 

Fig. 2 shows an example of a variation of the system with a hot tap water and 
Hot Service-Water Circulation (HSWC). 

Fig. 3 shows an example of a connection diagram of a district heating plant, 
including functions for hot tap water control and radiator water control, measurement of 
heat quantity, error detection, an alarm, and with means of communication to a superior 
system. 

Fig. 4 schematically shows an integrated hydraulic unit for the control and 
measurement of a primary flow according to the invention, including valve member, 
differential pressure sensor, and temperature sensor, and a control member acting on the 
valve member, which may be integrated in the hydraulic unit or, alternatively, arranged 
on the same. 

Fig. 5 shows a section through an integrated hydraulic unit comprising several 
occurring functions of the invention, for a heat exchange circuit. 
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Fig. 6 shows three heat exchangers, each connected to an integrated hydraulic 
unit, interconnected for mutual connection of primary flow and three separate 
connections for secondary flows, and a common control unit. 

5 DESCRIPTION OF BMBODMENTS 

Fig. 1 a shows an implementation of the invention in a district heating station of 
a consumer. The station comprises a heat exchanger 1, comprising a primary circuit 3, 
and a secondary circuit 2. The inbound primary flow 3i to the primary circuit 3 is 
constituted by hot water from the central heating system, while the outbound primary 

1 0 flow 3u is constituted by recycled water. The secondary flow 2i of the secondary circuit 
2 is constituted by incoming fresh water, heated in the heat exchanger 1, while the 
tapped secondary flow 2i is constituted by heated hot tap water, conducted to the taps of 
the end consumer or the customer. When the temperature of the inbound secondary flow 
2i can not be assumed to be otherwise known (for instance, through being constant and 

1 5 known beforehand), a temperature gauge is arranged in the inbound flow 2i (shown with 
dashed lines in the figures). 

A flow meter 4 is arranged in the secondary circuit 2i - 2u, preferably on the 
opening side, and the signals of which the flow meter is directed towards a control unit 
7. On the primary side, a first temperature gauge 8 is arranged at the inbound flow 3i, 

20 and a second temperature gauge 9 is arranged at the return flow 3u. The output signals 
from these gauges are transmitted to the control unit 7, 

For the control of the flow 3 through the primary side, a control valve 5 is 
arranged in the primary circuit, preferably on the return flow 3u, which gives lower 
temperature and cavitation loads on the valve. The degree of opening, a, of the valve is 

25 regulated by a control member 25, which in turn receives control signals from the 
control unit 7. 

In the shown embodiment, a pressure difference gauge 6 is used for 
determination of the flow through the primary circuit 3i - 3u, which gauge is connected 
between the inlet and outlet of the control valve 5. 
30 In Fig. 1 b, an embodiment similar to the one shown in Fig. 1 a is shown, but 

here the control member acting on the primary circuit is constituted by a pump 11, with 
a predetermined relation between the flow 3 through the same as a function of the 
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rotation speed, and the difference pressure across the pump. The difference pressure AP 
across the pump is measured by a pressure difference gauge 6. The control unit 7 
controls the rotation speed of the pump to the desired primary flow 3. 

Another embodiment is shown in Fig. lc, where the control of the desired flow 
5 takes place by measuring the primary flow 3 with a flow gauge 12, and by regulating the 
opening degree of the valve, a, to a desired primary flow (N. B., local regulatory loop 
with feedback of the actual flow value). 

The embodiment of Fig. 1 d is a fourth variety, in which the flow measurement 
is effected by means of a stationary constricting member 13, and a gauge 6, arranged 

1 0 across it, for measurement of the difference pressure across the constricting member. 

Fig. 2 shows an embodiment, where incoming freshwater 2i on the secondary 
side is constituted of a mixture of cold water and recycled, so called HS WC flow of hot 
water. In this case, a varying temperature of the inbound secondary flow 2 is obtained, 
whereby a temperature gauge 10 for measuring this temperature Tsin has to be included. 

1 5 Fig. 3 shows an embodiment of the invention in a district heating station, where 

a number of occurring functions have been included. The functions of the example 
comprises hot tap water control and radiator water control, and measurement of total 
transferred heat quantity in the respective circuit, as well as presentation of this 
information via a communication link (com) to an external superior system. Diagnostic 

20 functions for the heat exchanger and the other components of the station, implemented 
by means of measurement values occurring in the system, and communication with the 
superior central via (com), are contemplated to be part of the functions carried out by the 
control unit 7. Sensors for resulting outbound secondary temperatures are contemplated 
to occur for any control and / or alarm upon failure in the control function and / or the 

25 measurement of heat quantity (whereby this sensor value is not used in the dynamic 
temperature consistency). 

Basic theory for the control 

The invention is based on that the yielded / absorbed power of the primary 
circuit is to be controlled towards a currently desired supplied / removed power to / from 
30 the secondary medium, in order to change the temperature from the current temperature 
of the inbound secondary flow to a desired temperature of the outbound secondary flow. 
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This is carried out through control of the flow in the primary circuit in dependence of 
the difference between the temperatures of the inbound and outbound primary flows. 

In general, for the primary and secondary circuits of heat exchangers: 

5 

Q'=m*(h(Tin)-h(Tcut)) (A) 

Where Q* corresponds to the power transported by the circuit to the heat 
exchanger, m corresponds to the mass flow in the circuit, h(T) corresponds to the 
1 0 enthalpy of the medium (energy per mass unit) at temperature T, T ou t corresponds to the 
temperature of the outbound flow, and T in corresponds to the temperature of the inbound 
flow. 

Equation (A) may be written alternatively as: 

15 Q'=m*C p *AT (A2) 

where C p is the heat capacity of the medium, and AT = T out - T^. 
The desired effect supplied to the secondary medium, - Q' se ^desired> in order to 
achieve the desired temperature of the outbound secondary flow, is governed by the 
equation: 

20 

- QseajUsired = Msec * ( Kec (Tsec^putJLesired ) ~ hec (T sge jn)) (A3) 

where m sec corresponds to the mass flow in the secondary circuit, h se JT) 
corresponds to the enthalpy of the secondary medium at temperature T, T sec _ouuiesired 
25 corresponds to the desired temperature of the outbound secondary flow, and T scc ju 
corresponds to the current temperature of the inbound secondary flow. 

During heat exchange, there is a power balance where the sum of supplied power 
via the primary side Q' pr im, via the secondary side Q' sec , and via any leakage Q'uak to the 
heat exchanger equals the increase of the energy stored in the heat exchanger per time 
30 unit Q\ x> i.e. 

Q vx— Q prim +Q'sec+Qleak (B) 
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The invention comprises control of the power yielded from the primary side 



Q'prim, so that: 



5 



Q'prim = Q\ec_desired - QW + Q' 



vx 



(B2) 



If the leakage effect is negligible, Q'tedk is also set to zero, which gives: 



Q 'prhn = Q * secured + Q 'vx (B3) 



During load changes it may be appropriate to consider Q \ X9 which constitutes a 
dynamic effect of changes in stored energy in the heat exchanger. For example, a system 
may be controlled by means of a regulatory valve with a relatively low speed of 
adjustment. This will, e.g. in the case of a rapid reduction in load, imply that the primary 

1 5 circuit delivers more energy than desired, as long as the control member has not reached 
the desired position. The supplied "surplus energy" is partly stored in the heat 
exchanger, and will entail a temporary increase of the outbound secondary temperature. 
This increase in temperature may be minimised by means of that the control is 
compensated for the surplus energy in the heat exchanger by temporarily reducing the 

20 supplied primary power until the surplus energy has been removed by the secondary 
flow. 

In stationary condition, the energy stored in the heat exchanger is not altered, i.e., 
fi'vjc = 0, which when inserted into equation (B3) gives: 

25 Q' prim = Q Wdesired (B4) 



Insertion of equation (A) applied to the primary side, and (A3) into equation 



(B4) yields: 



niprim-desired * (h pr lm (Tprlm-in) ~ hprim (T pr im-out ) ) = «W * (Kec (T$ ec -out-deslred 



30 



) - h sec (Tsec-tn)) 



(C) 
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Elimination of m prim ^esired from equation (C) gives the basic control principle of 
the invention in the form: 



hsec (Tgecjoutjiesirtd) ~~ hsec )TsecJn) 
Mprlmjiesired = ™sec * ( ' ) 

hprim (Tprlmjn) ~* ^prim (T pr im_j>ut) 

CD) 



1 o This basal control principle may be evaluated in different forms and with a 

differing degree of approximate simplifications, some of which are shown below. Flows 
are often determined in the form of volume flows, and it is thus not necessary to 
recalculate equation (D) for volume flows. For mass flow, m: 

15 7n~q*p (E) 

where q is the volume flow and p is the density. Since p is temperature 
dependent, the temperature at which a volume flow is determined should often be taken 
into consideration. Assume that the volume flow of the secondary side q sec is determined 
20 at the inbound side, and that the desired flow of the primary side q pr im_desired is 

determined at the outbound side. After insertion of equation (E) into equation (D), the 
equation may be solved for q pr imjiesired. 

Psec C^secjn) h sec (Tg ec _out_desired) ~~ h sec (T Sec j n ) 

25 qprunjtesired = qsec * * <F) 

Pprhn (Tprim_j)Ut) hprim (Tprunjln) hprun (Tprim_put) 

If the volume flow is determined elsewhere, equation (E) should be applied at 
the temperature of the medium at the volume measurement location. For the enthalpy 
30 h(T): 

h(T)=c p *T 



where c p is the heat capacity (energy per unit weight and degree). 
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Insertion of equation (G) into equation (F) gives: 

psec Cp( S ec) * AT S cc_desired 

5 qpiimjesired = qsec * — * 1 0^2) 

Pprim Cp(prim) * AT pr im 

Where AT sec _desired = TsecjoutjUsired ~ Z*jcj»and AT pr j w = ?p„„ U 6i ~ Tprim^ut- 

1 o By use of the same media in the primary and secondary circuits, and the 

temperature dependence of p and c p is neglected (p sec = p pr fm ; c P ( Se c) = ^p(«c;)» the 
equation (F2) may be reduced to: 



15 a =a * AT ™- bd ' (F3) 

a2 pnm 

Thus, the invention may be evaluated according to several more or less 
approximate methods (e.g., by control according to equation D, F, F2 or F3). They all 
have in common that they are based on a parameter array, characteristic of the enthalpy 

20 difference (Ah) between the primary flow (3i) inbound to the heat exchanger (1) and the 
secondary flow (3u) outbound from the heat exchanger (1), e.g. a number of points for 
the function h(T) in the primary medium in a temperature range characteristic for the 
application, and T pri m_out, TpnnUa- An example of an alternative characteristic parameter 
array for said enthalpy difference is constituted by the heat capacity c p for the primary 

25 medium in a temperature range that is relevant for the application, and the temperature 
difference ATprfm. 

Similarly, different characteristic parameter arrays for the mass flow (msec) in the 
secondary circuit (2) and the mass flow (m pr im) in the primary circuit (3) may be used 
according to the invention. 



30 
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The construction of the regulatory valve 

The valve 5 may be of different design, with flow characteristics for the 
particular construction known. Examples of valves include seat, sliding, ball or 
mushroom valves. When using a sliding valve, which is affected by an opening / closing 
5 regulating screw, the magnitude of the opening is substantially proportional to the 
stroke a. 

For each type of valve, the flow characteristics kv(a) may be determined, 
depending on the current pressure across the valve AP va ive, the flow through the valve 
Q vaIve , and the degree of opening a of the valve. Thus, the flow through the valve is 
1 o determined by the relationship 

Zveata = K («) ' ^Pventll ^ 



1 5 from which may be solved; 



20 



V A /w (i) 

and 

VAP««/B (J) 

where f cv (x) is the inverse function of K v (x). 

25 Control function on a valve with differential pressure measurement 

During use of a valve, the position of the valve is controlled so that a correct 
flow is obtained. For each type of valve, it is possible to determine empirically the 
obtained flow, based on of the current valve position and differential pressure across the 
valve. 

30 The valve position a, desired for control, may be expressed as a function of the 

detected flow of the secondary circuit, the detected temperature difference on the 
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primary side, the detected differential pressure over the regulatory valve, and the desired 
temperature difference of the secondary circuit 

For each desired flow in the primary circuit, control of the valve position a may 
5 be effectuated according to the equation: 



Qprlnijiesired 

Ctdesired =/cv ( 1 ) C J2 ) 
10 "/(Ap va i ve ) 

which, upon insertion of equation (F) into equation (J2), yields a form of the 
control principle of the invention: 

15 q S ec Psec(T S ecJn) Kec (T se cmt_desired) " fyscc (T S ecJn) 

desired = f CV ( * * ; ' 

V ( Ap V alve) Pprim (T pr un„ud hpriin (Tprim_in) ~ hpriin (T pr im_out) 



20 



or, upon insertion of (F3) into (J2): 



a b5r — fc 



(K2) 



since the same heat carrier is used on the primary and secondary sides, and since 
the temperature dependence of p and c p is neglected. For each valve, current inverse 
25 flow characteristics fcv(x) (and / or its flow characteristics kv(x)) may be empirically 
determined. 

Determination of the differential pressure APvaive is contemplated to be able to 
be performed in an arbitrary way, for example, by means of a pressure difference gauge 
connected upstream and downstream of the valve, or by means of a first absolute 
30 pressure gauge for measuring the pressure PI upstream of the valve and another 
absolute pressure gauge for measuring the pressure P2 downstream of the valve. 
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Measurement of powex* and heat quantity 

Measurement of supplied effect and heat quantity may be conducted on the 
primary side and / or the secondary side of a heat exchanger, based on equation (A). 
Equations (H) and (E), applied to the medium in the valve, inserted into equation (A) 
gives: 



Q'prim = Pprim (T pr i*n_yal V e) * K * V (AP va l ve ) * (h(T pF imJn) ~ h(T pr Un_out) (M 

where Tp^y^ is the temperature of the primary medium in the valve. If the 
1 0 valve is placed in the outbound primary flow (3u) from the heat exchanger, Tprinuvaive = 
Tprinuout, and, respectively, if it is placed in the inbound primary flow (3i) to the heat 

exchanger, Tprin^valve = Tprimjn- 



15 



After insertion of equation (G) into equation (L), the alternative equation 

Q'prim = Pprim (T prim _valve) * K (a) * V(Ap va l ve ) * C p * At prim (L2) 



is obtained. 

According to a preferred embodiment of the invention, the power supplied at the 
20 primary side is governed partly through determination of the temperatures Tprimjn, 

Tprin^out, and the differential pressure APvato over a regulatory valve placed downstream 
of the outlet of the primary side; and partly through knowledge of the characteristics of 
the valve k v (a) and the percentage opening a, and the density and enthalpy of the 
primary medium, which values are used for the calculation of Q'prim according to 
25 equation (L), alternatively (L2). 

By integrating the effect yielded during a period of time tl - 12, the heat quantity 
supplied by the primary circuit during this period is obtained. 



30 Q P rim = I(Q'prUn)dt (M) 



tl 



Equation (L) inserted into equation (M) yields: 
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(2 

Qprim Jjpprim (T pr tm_valve) *k*(a)*V (Apvalve) *(h (T pr imjn)-h (T pr i ttl _out))) d f (M2) 

The integration may be carried out, e.g., by determination and summation of 
partial energies one by one, which energies are determined as products of periodical 
average power values Q pri nu and the corresponding time periods for the formation of the 
average value of At*: 

QprUn = fJQprunJ*Atd (M3) 

According to a preferred embodiment of the invention, yielded power and heat 
quantity is determined also on the secondary side. Here, the deteimination is based on 
the temperatures T sec _in and T scc _ 0 ut, (measured by a fourth temperature gauge) and a 
flow value q sec , (measured by a flow gauge or determined in some other way, e.g., 
through a rpm-controlled pump with known characteristics) and on equation (A). 

If a stationary state is assumed and heat leakage from the heat exchanger is 
neglected, the value of the yielded effect and heat quantity on the primary side 
constitutes a first measure, and the value of yielded effect and heat quantity on the 
secondary side constitutes a second measure of the power Q' and the heat quantity Q 
that has been transferred in the heat exchanger. Either one of these two independently 
determined measures of yielded effect and heat quantity may be utilised e.g. for billing 
or follow-up of energy expenditure. 

By comparison of these two independently determined measures, the security of 
the system can be increased. For example, the redundant values of Q' may be used in 
order to generate an alarm when the measures are not reliable if said measures deviate 
from each other by more than a given acceptable value of, say, ± 10 %, or preferably ± 2 
%, of the higher value. 

A second area of utilisation could be to, based on the deteimination of Q' 
through either of the methods, switch the system into reserve mode, provided that an 
error in a measurement signal, which is included in deteimination of Q' according to the 
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other method, was detected in a different independent manner. Example: if it is 
determined, e.g., through a reasonability check, that a temperature gauge on the primary 
side is out of order, it is possible to determine a reserve value for the broken gauge by 
using a value of Q' determined on the secondary side. In similar manner, reserve values 
5 may be calculated for any gauge, for which error has been detected through an 
independent method. 

A third use could be to self calibrate a gauge or e.g. the valve characteristics in 
the same way used to calculate spare values in the case of a faulty gauge. 

1 0 INTEGRATED VALVE UNITS 

In order to simplify manufacture and assembly of systems according to the 
invention, several functions may in a preferred embodiment be brought together into an 
integrated valve unit, which may be produced as a semi-manufacture for subsequent 
assembly into a complete system. Fig. 4 schematically shows an integrated hydraulic 

1 5 unit for the control and measurement of a primary flow according to the invention, 
including valve member, differential pressure sensor, and temperature sensor, and a 
control member acting on the valve member, which may be integrated in the hydraulic 
unit or, alternatively, arranged on the same. This hydraulic unit may advantageously be 
used to control the primary flow and measure the differential pressure across valve 

20 members, and the temperature of the primary flow at the valve. 

Several functions / components may be integrated into a hydraulic unit 40, 
shown in Fig. 5, comprising a first channel 56 between the pipe joints 41 and 42 for 
connection to the district heating system and the heat exchanger, respectively, and 
branches 43 and 44 to any adjacent further hydraulic units; see Fig. 6. 

25 In the channel 56, a valve member 53 is arranged, which is controlled by a 

control member 54. Gauges 61 and 62 are arranged on both sides of the valve member 
53 for measuring the pressure difference upstream and downstream of the valve 
member. Gauges 8 are also arranged in the channel 56 in order to determine the 
temperature of the medium in the channel 56. A second channel 57 is arranged in the 

30 hydraulic unit 40, which channel may be connected via the pipe joints 45 and 46 to the 
inbound medium of the cUsUictheating system, and to the heat exchanger, respectively. 
Branchings 47, 48 from the second channel 57 may possibly be utilised for connecting 
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to adjacent further hydraulic units. Gauges 9 are also arranged in the other channel 57 in 
order to determine the temperature of the medium in this channel. A third and fourth 
channel 58 and 59 are also part of the hydraulic unit 40, with pipe joints 49 and 51 for 
connection to the heat / cooling consumer, and pipe joints 50 and 52 towards the heat 
5 exchanger. In order to determine the temperature of the medium in the channels 58 and 
59, gauges 55 and 10 are arranged in the respective channel. In order to determine the 
flow of the medium in the channel 59, a gauge 70 is arranged. Contact members (not 
shown) for connection of power lines to and from the hydraulic unit 40 are provided, 
which transfer measurement and / or control signals. 

10 

The integrated hydraulic unit in Fig. 4 may be produced advantageously in the 
form of semi manufacture for subsequent assembly into a complete system, for example 
as shown in Fig. 6. The hydraulic units entail potential advantages in addition to those 
already mentioned, through the considerable simplification of the lying down and 
1 5 connection of primary and secondary circuits. 

FURTHER EMBODIMENTS 

In the most common embodiment, the outbound temperature from the heat 
exchanger 1 of the secondary flow 2 is constant, e.g., 55° C. Of course, this could also 

20 be a manually or automatically adjustable desired value. The control unit 7 may obtain 
an adjustment of the desired value, for example by a potentiometer. A certain manual 
adjustment may take place, depending on desires of hot water consumers, or adjusted to 
the current season of the year. For example, during winter, there may be demand for a 
slightly warmer hot tap water in order to compensate for heat loss between the heat 

25 exchanger and the most remote users. Correction of the seasonally dependent outbound 
temperature on the secondary side may also be effected automatically in the control unit 
according to a predetermined compensation curve and / or a signal from an external 
temperature gauge. 

In one application of the invention in a system where the heat exchanger is to 
30 heat a radiator circuit, corresponding correction is needed in most cases, depending on 
the outside temperature, as well as correction of the temperature of the inbound 
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secondary flow. In this implementation, too, there is no need for a direct feedback of the 
temperature of the outbound flow on the primary side. 

The control member for the regulatory valve may be of several different kinds, 
and possess a control signal corresponding to the current control member. For example, 
5 valves with a servomotor controlled by PWM (pulse width modulation), or with flow 
control proportional to the control current or voltage, may be used. 

The method of the invention may be advantageously combined with diagnostics 
for the heat exchanger. In those embodiments where the differential pressure across the 
valve is measured, an initial clogging on the primary side (caused by calcium deposits, 

1 0 dirt etc.) may be detected by analysis of the pressure drop with time for a given opening 
degree of the valve. During initial clogging, the pressure drop across the regulatory 
valve drops for a constant flow, since an ever-increasing pressure drop will be absorbed 
by the heat exchanger. Evaluating changes in the heat transfer of the heat exchanger may 
also perform the diagnostics. For example, the following procedure may be applied: All 

1 5 measured signals (at least the temperature difference in the primary circuit, primary 

flow, secondary flow and the desired temperature difference on the secondary side) are 
saved for a number of different load conditions (transferred power) and system 
conditions (inbound primary temperature and pressure). Upon clogging of the heat 
exchanger, the heat transfer characteristics deteriorate, which entails a demand for 

20 increasing primary flows. 

The wanted difference temperature AT pri m may be calculated based on T P ri m ( in) 
and Tpnm(out), or directly measured as a temperature difference, e.g., with a thermo 
element. 

Since the system contains flow measurement as well as difference temperature, a 
25 calculation of consumed heat quantity for billing of the end consumer may be easily 
introduced. 

Further, the system is well suited for reading (calculation of heat transfer), 
diagnosis (clogging), climate control (central adjustment of desired values), and a 
possible switch off function. Only a single interface to a communications link is needed, 
30 which interface is connected to the control or regulatory unit. 
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The invention is not limited to use in district heating stations; it may be used in 
all applications of which heat exchangers are a part, for example, in the petrochemical 
industry or other forms of heat control. 
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CLAIMS 

1. A procedure for controlling the temperature of at least one outbound 
secondary flow (2u) in a secondary circuit from a heat exchanger (1) by means of 

5 a primary flow (3) in a primary circuit, where a control unit (7) controls a 

regulatory member (5, 11) that regulates the primary flow, 
characterised in that, 

a) a parameter array, characteristic of the enthalpy difference (Ah) between the 
inbound primary flow (3i) to the heat exchanger (1) and the outbound 

1 o primary flow (3u) from the heat exchanger (1), is determined, 

b) a parameter array, characteristic of the mass flow (m sec ) in the secondary 
circuit (2), is determined, 

c) a parameter array, characteristic of the mass flow (mpnm) in the primary 
circuit (3), is determined, 

1 5 d) and that the parameters determined in points a) through c) are transmitted to 

the control unit (7) for controlling the regulatory member (5, 11), whereby 
the primary flow (3) is controlled in dependence of the secondary flow (2), so 
that the power transferred to the heat exchanger by the primary flow (3) 
substantially corresponds to the sum of: 
20 1) the power needed to raise the temperature of the secondary medium 

from the current inbound temperature T sec jn to the desired outbound 
temperature T scc _ 0U uJesired and 
2) assumed power demand for compensation of stored energy in the heat 
exchanger (1), and 
25 3) assumed leak power from the heat exchanger. 

2. A procedure according to claim 1, 
characterised in that, 

control of the regulatory member occurs through flow balancing of the primary flow (3) 
30 against the secondary flow (2) in such a way that a power balance is maintained between 
the primary flow (3) and the secondary flow, where the supplied and consumed power in 
the respective flow circuit is given by: 
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Q = p-c p -qAT, from which power balance is given that the flow on the 
primary side qp^ is obtained through control of the control member in such a way that 



p seo /prim » predetermined density of the medium in the secondary and the 
primary circuit, respectively, 

Cp Sec / prim = predetermined specific heat of the medium in the secondary and the 

primary circuit, respectively, 
1 0 Qpnm = the flow in the primary circuit obtained from the control member 

q sec = actual measured flow in the secondary circuit 
4T prim = actual measured temperature difference between the inbound and 

outbound media on the primary side, and 

4T sec is the desired temperature difference between the inbound and outbound 
1 5 media of the secondary side, the temperature on the outbound side of the secondary 

circuit only being a desired value, whereby the control of the regulatory member is 

effected without direct feedback of the temperature of the outbound side of the 

secondary circuit. 



20 3 . A procedure according to claims 1 or 2, 

characterised in that 

the regulatory member (5) is constituted by a regulatory valve with known flow 
characteristics and by a pressure difference (pressure drop) across the regulatory valve 
determined by a difference pressure gauge (6). 

25 

4. A procedure according to claim 3, 
characterised in that, 

the degree of opening (a) of the valve is a function of the preferably empirically 
determined inverse flow characteristics f CT (x) of the valve according to: 

30 

a = fcv 
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where Ap va i w is the measured differential pressure across the regulatory valve 
and qpn^deskcd is the flow through the valve, and a is the degree of opening of the valve. 

5 5, A procedure according to claims 1 or 2, 

characterised in that, 

the regulatory member is constituted by a pump (11) with a predetermined 
relationship between the flow through the same as a function of the rotational speed and 
differential pressure across the pump, whereby the control unit (7) regulates the 
1 0 rotational speed of the pump. 

6. A procedure according to any of the preceding claims, 
characterised in that, 

the temperature (T S ecjn) of the inbound secondary flow (2i) to the heat exchanger 
15 is detected (10), which detected value is used for calculation of qprim^desire* 

7. A procedure according to any of the preceding claims, 
characterised in that, 

the flow and temperature values in the primary and secondary circuits are used 
20 for diagnosing and detecting clogging of heat exchangers and / or impaired heat transfer 
value for the heat exchanger. 

8. A procedure for controlling the temperature of at least one outbound 
secondary flow (2) from a heat exchanger (1) in a secondary circuit by means of a 

25 primary flow (3) in a primary circuit passing through the heat exchanger, where a 

control unit (7) controls a regulatory member (5, 11) arranged to regulate the primary 
flow, 

characterised in tliat 

• temperature gauges (8, 9) are arranged to measure the temperature of the 
30 primary flows inbound to (3i) and outbound from (3u) the heat exchanger 

(1) for determining the enthalpy difference between these flows, 
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• a flow gauge (4) is arranged to measure the flow (q se c) of the secondary 
medium (2), 

• difference pressure gauges (6) are arranged to measure the pressure 
difference (AP) in the primary medium (3i) across the regulatory member 

5 (5), and / or that a flow gauge (12) is arranged to measure the flow (q p rim) 

of the primary medium (3), and that 

• and that the output signals from said gauges (4,8,9,12) are arranged to be 
transmitted to the control unit (7) for controlling the regulatory member 
(5, 11), whereby the primary flow (3) is arranged to be controlled in 

1 0 dependence of the secondary flow (2), so that the power transferred to the 

heat exchanger through the primary flow (3) substantially corresponds to 
the sum of: 

1) the power needed to raise the temperature of the secondary medium from 

the current inbound temperature T scc j Q to the desired outbound 
1 5 temperature T se c_out_desired and 

2) assumed power demand for compensation of stored energy in the heat 

exchanger (1), and 

3) assumed leak power from the heat exchanger. 

20 9. A device according to claim 8, 

characterised in that, 

the regulatory member (5) is constituted by a regulatory valve of known 
flow characteristics, a differential pressure gauge (6) is arranged to measure the 
differential pressure across the valve, and by known flow characteristics for the 

25 valve (5) stored in the memory of the control unit (7). 

10, A device according to claim 8, 
characterised in that, 

the regulatory member is constituted by a pump (11) with a predetermined 
30 relationship between the flow through the same as a function of the rotational speed 

and differential pressure across the pump, whereby the control unit (7) is arranged 
to regulate the rotational speed of the pump. 
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11. A device according to claim 8, 
characterised in that, 

the valve (5) is integrated into a hydraulic unit (20) comprising a valve 
5 member (24) with a control member (25) acting on the same, pipe joints (22, 23) 

connected to the valve (5), a device for determining the differential pressure (6) 
across the valve member, which is connected upstream and downstream of the 
valve member (24), a temperature gauge (8) detecting the temperature of the flow 
through the valve. 

10 

12. A device according to any of claims 8-11, 
characterised in that, 

the control unit (7) comprises at least one memory (30) for storing the 
degree of opening (a) of the valve (5) as a function of the flow q scc of the secondary 
15 circuit (2), the differential temperature AT sec in the secondary circuit (2), the 

differential temperature AT pri m in the primary circuit (3), and the differential 
pressure AP va i V e across the valve (5). 

13. A device according to claim 8, 
20 characterised in that, 

channels (56 - 59) for conducting medium (3i, 3u, 2i, 2u) to and from the heat 
exchanger (1) are integrated into a hydraulic unit, 

that the channels at their ends are equipped with pipe joints (41, 42, 45, 46, 49, 50, 51, 
52) for connection to primary and secondary flow (3, 2), 

25 that lateral channels (43, 44, 47, 48) are disbranched from at least some of the channels, 
which lateral channels similarly are provided with pipe joints at their ends for 
connection of connecting lines between several connected hydraulic units, and 
that channel parts for flow, differential pressure and temperature gauges (8, 9, 10, 55, 
61, 62) communicating with the channels and at least one regulatory valve are arranged 

30 in the hydraulic unit. 



WO 02/090832 



25 



PCT/SEO 1/00952 



14. A procedure for determining the power and heat quantity transferred to a heat 
exchanger via the primary circuit of the heat exchanger by means of a regulatory 
member (5,11), regulating the flow through the primary circuit, which member (5, 1 1) is 
effectible by the control unit (7), 

5 characterised in that, 

the enthalpy difference (Ah) between the primary flow inbound to (3i) and 
outbound from (3u) the heat exchanger (1) is determined, that the pressure difference 
(Ap re guia t ory_member) across, and the medium temperature (T^ium) in, the regulatory 
member (5, 11) with known flow characteristics stored in the memory of the control unit 

10 (7) are determined, that the density of the primary medium is stored in the memory of 
the control unit (7), that the enthalpy difference (Ah), the pressure difference 
(Apxegu.atoryjncmbcr), the temperature (T medium ) and the degree of opening (a) of the 
regulatory member are registered, which parameters together with the flow 
characteristics and the density stored in the memory of the control unit, provides a value 

15 of the power and heat quantity yielded by the primary circuit. 

15. A procedure according to claim 14, 
characterised in that, 

that the determined value of the power and heat quantity yielded by the primary 
20 circuit are checked against simultaneously valid value of the power and heat quantity 
absorbed by die secondary circuit, which are calculated from the parameters enthalpy 
difference Ah sec between inbound and outbound secondary flow and flow m sec , which 
are stored or determined in the control unit, whereby an alarm is provided to the 
environment via communication means if the values for power and heat quantity yielded 
25 and absorbed by the primary and secondary circuit, respectively, deviate from one 
another by more than a predetermined acceptable value. 
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